Internal mobility ratios bNa/bA g in molten (Na, Ag)NO, have been measured with the columnmethod. From these, the densities and conductivities the internal mobilities have been calculated. Contrary to results obtained with other methods, over the investigated range of concentration and temperature, bA g is greater than
Introduction
The molar volume of molten NaX is appreciably greater than that of molten AgX (X = N 0 3 [1, 2] , X = CI [3] , X = Br [4] , X = I [4] ), whereas the ionic radius of N a+ is slightly smaller than that of Ag+ [5] . Evidently the interaction of an Ag-X pair is stronger than that of an Na-X pair, the polarizability of Ag + being much greater than that of Na + . The internal mobility of Ag+ in molten AgN03, however, is greater than that of Na+ in molten N aN 03.
The ionic mobilities in molten (Na, Ag)N03 have already been measured by five groups using different methods [6] [7] [8] [9] [10] , The agreement among their results is, however, poor, which prevents a fruitful discussion.
The column method [11] was originally invented for enriching isotopes and thus enables one to measure very small relative differences in internal mobilities of two isotopic ions. With LiCl at the cathode to prevent the formation of silver dendrites, the method was ap plied to enrich 107Ag in molten AgCl [12] , We have previously improved the column method for nitrate systems by using molten NH4N 0 3 in the cathode compartment [13, 14] ; this enabled us to study molten nitrates containing Ag+ without any problems with dendrites.
In the present work we have remeasured the internal mobilities of molten (Na, Ag)N03 by the column method.
Reprint requests to Professor I. Okada, Department of Elec tronic Chemistry, Tokyo Institute of Technology at Nagat suta, Midori-ku. Yokohama 227, Japan.
Experimental
The electromigration cell was of the type used in [14, 15] , The catholyte was molten NH4N 0 3. The large vessel, in which the separation tube was inserted, contained a molten mixture of (Li, Na, K )N 03 (30-17-53 mol%), so that a low temperature range could be covered. The separation tube of Vycor of 4 mm in internal diameter was packed with alumina (150-180 pm) over ca. 200 mm from the bottom and was filled with the anolyte, a mixture of N aN 03 and AgN03 of the desired composition. The chemicals N aN 03 and AgN03 of reagent grade were melted and dehydrated in a small vessel by bubbling dry Ar gas before use. The small vessel was shielded from light, kept at relatively low temperature, and the mixture was used within a few days. No decomposition of AgN03 was detected throughout the experiment.
The temperature of the separation tube could be kept constant within +1 K with a temperature con troller. After a few hours of electromigration at a con stant current, the separation tube was taken out and cut into pieces of 10-15 mm length. The content of N a+ and Ag+ was analysed by flame spectrophoto metry and atomic absorption spectrophotometry, re spectively. Since Ag+ was apt to be adsorbed on the glass wall and the diaphragm material in neutral solu tion, the pieces were dipped in diluted nitric acid solu tion for 2 hr. The alumina powder was separated by a G-3 glass filter washed beforehand with diluted nitric acid solution. Each portion was first diluted to 100 cm3. Then, 2-5 cm3 in accordance with the ap proximate concentration of each portion was further 0932-0784 / 89 / 0800-0738 S 01.30/0. -Please order a reprint rather than making your own copy. diluted to 100 cm3 for the spectrophotometric analy sis. The concentration of nitric acid in the solution for the analysis was ca. 0.16 mol dm "3 for the samples with xAg > 0.5 and ca. 0.14 mol dm "3 for xAg < 0.5 (xAg: mole fraction of Ag).
Results
Relative differences in the internal mobilities b are defined as £NaAg = (/'Na ~ 0) where b = xNa bNa -I-xAg bAg. The e values, given in Table 1 , have been calculated from [15] «NaAg = (F/Q) (*Na ^Ag ~ *Ag ^Na)/*Na *Ag, (2) where Q is the transported charge, F the Faraday constant, xAg and xNa are the original mole fractions (xAg + xNa = 1), and /VNa and JV Ag are the molar quan tities ofN a+ and Ag+ in the anolyte after electrolysis; in the present case the anolyte refers to the salt from the anode to the fraction where the initial composition remained unchanged.
The internal mobilities of N a+ and Ag + , given in Table 2 , are calculated from the c values and data on the conductivities [1] and densities [1] by bNa = (y.V/F)( 1 + x AgsNaAg), where x is the conductivity and V the molar volume of the mixture. The molar volumes of the present system at 543 K, 583 K and 623 K, calculated from the density mea surements of Brillant [1] , are shown in Figure 1 . If the values recommended in [2] were adopted, the molar volume of (Na, Ag)NO, would decrease linearly with *AgThe obtained isotherms of frNa and bAg at 543 K, 583 K, and 623 K are shown in Figure 2 .
Comparison with the Results by Other Methods
The isotherms at 573 K obtained with the EMF method by Richter and Amkreutz [9] and with the Hittorf method by Connan [10] are shown in Figure 3 . A comparison of Fig. 2 with Fig. 3 reveals that our results are essentially different from theirs. Hittorf method [10] ; in the latter study the external mobili ties were measured, from which the internal ones are ob tained.
Aziz and Wetmore [6] applied the Hittorf method with a silver anode and evaluated a function < /> = (F /0 (x Na JV Ag-.x Ag NNa) (4) from the data obtained for the anode compartment. Since during electrolysis Ag+ ions were produced at the anode while in our case the anode was inert, for a comparison of their 0 values with our £ values, given by (2), iVAg in (4) has to be replaced by NAg -Q/F. One thus has £NaAg -(0 -XNa)/XNa XAg •
The e values obtained by (5) from their (j) values differ much from those in the present study, though there is qualitative agreement. Similar experiments were performed at 578 K by Duke, Laity, and Owens [7] , From their four <p values one finds, using (5), £NaAg = 0-37, -0.05, 0.00 and 0.05 for .xAg = 0.09, 0.30, 0.50 and 0.71, respectively. With the exception of the e value for xAg = 0.30, these e values are far from those given in Table 1 .
Hittorf type experiments of this kind may be unrelieable for three reasons:
1. The necessary region (not point!) of unchanged composition between the cathode and anode com partments probably does not exist, the separating membrane (plug) being too thin (short). 2. The voluminous anode compartment prevents large changes in composition. 3. The production of AgNOa at the anode may be incomplete, gas being produced.
The EMF measurements of Richter and Amkreutz [9] were performed with a cell consisting of two elec trode compartments connected by a liquid junction, each compartment containing a silver electrode and molten (Na, Ag)N03, the mole fractions of AgN03 in the compartments differing by d.vAg, i.e. the chemical potentials differing by d/iAgNOr This brings about an EM F(= d cj) B) of the cell which is given by [16] 
Evidently only the small deviation of F d</>B /d/iAgNO, from unity yields the information about e. This is a weakness of this method.
750
If, instead of silver electrodes, inert electrodes surrounded by nitrous gas would have been used, as had been done in [17] for molten (K, Ag)N03, an EMF( = d 0 A) given by [16] F d</>A = xAg £NaAg d//AgNOj.
would have been obtained. This, of course, would have allowed for more precise measurements of e. < /> A is the so called diffusion potential.
Although the zone electromigration method, in which radioisotopes or enriched stable isotopes have to be used, has not been applied to the present system, this method will be inferior to the column method for internal mobility ratio measurements.
Thus, the column method is superior to other meth ods particularly in such a system as the present one, where the difference in the mobilities of the two cations is small.
Results on the isotherms of the internal cation mo bilities in the systems (Li, Ag)N03 and (K. Ag)N03 remeasured by the column method will be reported soon, and a discussion of the mobilities in the three systems (Li, Ag)N03, (Na, Ag)N03 and (K, Ag)N03 is therefore postponed.
